During 2017, the Westerdijk Fungal Biodiversity Institute (WI) and the Utrecht University Museum launched a Citizen Science project. Dutch school children collected soil samples from gardens at different localities in the Netherlands, and submitted them to the WI where they were analysed in order to find new fungal species. Around 3000 fungal isolates, including filamentous fungi and yeasts, were cultured, preserved and submitted for DNA sequencing. Through analysis of the ITS and LSU sequences from the obtained isolates, several plectosphaerellaceous fungi were identified for further study. Based on morphological characters and the combined analysis of the ITS and TEF1-α sequences, some isolates were found to represent new species in the genera Phialoparvum, i.e. Ph. maaspleinense and Ph. rietveltiae, and Plectosphaerella, i.e. Pl. hanneae and Pl. verschoorii, which are described and illustrated here.
Introduction
Soil is one of the main reservoirs of fungal species and commonly ranks as the most abundant source regarding fungal biomass and physiological activity. Fungal diversity is affected by the variety of microscopic habitats and microenvironments present in soils (Anderson and Domsch 1978; Bills et al. 2004 ). More than half of the soil mycobiota is composed of basidiomycetes, although they are overlooked by most isolation techniques (Kirk et al. 2001) . The remaining fungal biomass is comprised by Ascomycota, Chytridiomycota, Mucorales and Oomycetes (Kirk et al. 2001; Bills et al. 2004; Crous et al. 2019 ). This observed species richness has been supported by the discovery of previously unrecognised phylogenetic fungal lineages in soil-inhabiting fungi .
Among Ascomycota, the family Plectosphaerellaceae (Glomerellales, Sordariomycetes) harbours important plant pathogens such as Verticillium dahliae, V. alboatrum and Plectosphaerella cucumerina, but also several saprobic genera usually found in soil, i.e. Chordomyces, Gibellulopsis and Sodiomyces (Domsch et al. 2007; Zare et al. 2007; Carlucci et al. 2012; Grum-Grzhimaylo et al. 2013 , 2016 . Members of this family are mainly known from their asexual morphs, which are morphologically characterised by simple or verticillate conidiophores with mono-or polyphialidic conidiogenous cells, and 1-or 2-celled elongate conidia arranged in slimy heads or chains, and rarely produced sporodochia or synnemata. The sexual morph is mostly observed in culture, showing perithecial or cleistothecial ascomata, superficial, brown to dark brown, with clavate or saccate asci and hyaline to pale brown ascospores (Giraldo and Crous 2019) .
The interest in soil fungi has recently increased due to the high demand for new compounds with application in the biotechnological or pharmaceutical industries (Hujslová et al. 2010) , and also because this substratum contains a pool of interesting and undescribed species, especially when samples from diverse habitats are studied (Blackwell 2011; Tedersoo et al. 2014 Tedersoo et al. , 2017 . Therefore, during 2017, children from different locations in the Netherlands collected soil samples which were Editorial Responsibility: Marc Stadler * Alejandra Giraldo a.giraldo@westerdijkinstitute.nl analysed in order to find new fungal species. This was done during the course of a Citizen Science project, named 'Wereldfaam, een schimmel met je eigen naam' (World fame -a fungus with your name) coordinated by the Westerdijk Fungal Biodiversity Institute and the Utrecht University Museum. Among the examined samples, several plectosphaerellaceous fungi were isolated, some of which have been recently described as new species in the genera Gibellulopsis and Lectera (Crous et al. 2018) , while others represent new species in the genera Phialoparvum and Plectosphaerella, which are described and illustrated here.
Materials and methods

Sampling and isolation
Protocols for the collection and processing of soil samples are described in Groenewald et al. (2018) . After 1 week of incubation on MEA supplemented with penicillin-G and streptomycin, individual colonies were transferred to MEA plates without antibiotics and incubated between 22 and 24°C for 7-14 days, in order to obtain axenic cultures. Subsequently, each isolate was submitted for DNA extraction and sequencing. All isolates are maintained in the Johanna Westerdijk (JW) collection housed at the Westerdijk Fungal Biodiversity Institute in Utrecht, The Netherlands. Isolates from new and interesting species are also deposited at the CBS Culture Collection at the WI.
DNA extraction, amplification and sequencing
Total genomic DNA was extracted from colonies growing on MEA using the Wizard® Genomic DNA Purification Kit (Promega Corporation, Madison, WI, USA), following the manufacturer's protocol. The internal transcribed spacer (ITS) regions and the 5′ end of the 28S nrDNA gene (LSU) were amplified for all isolates with the primer combination ITS5/LR5, and sequenced with the primer pairs ITS5/ITS4 (White et al. 1990 ) and LR0R/LR5 (Vilgalys and Hester 1990; Vilgalys and Sun 1994) , respectively. Additional loci were sequenced for some isolates, including fragments from the protein-coding genes translation elongation factor 1-alpha (TEF1-α) and RNA polymerase II second largest subunit (RPB2) with the primer sets EF-983F/EF-2218R (Rehner and Buckley 2005) and RPB2-5F2/RPB2-7cR (Liu et al. 1999) , respectively. The consensus sequence of each locus was obtained by using the program SeqMan v. 12.1.0 (DNASTAR, Madison, WI, USA).
Species identification
Firstly, the LSU and ITS consensus sequences from each isolate were blasted against sequences available in NCBI (http://blast. ncbi.nlm.nih.gov) and CBS (http://www.westerdijkinstitute.nl/ Collections) databases, in order to determine the generic placement of each isolate. Secondly, sequences from all isolates identified as members of the Plectosphaerellaceae were aligned with sequences from ex-type and reference strains of the species currently accepted in the genera (Table 1) to which each isolate belonged. Separate analyses based on ITS or ITS combined with TEF1-α were performed for those isolates that were not identified at level species by using the previous approach.
Phylogenetic analysis
Sequences were aligned through MAFFT v. 7 (Katoh et al. 2017) , using the default parameters, and were manually corrected in MEGA v. 6.06 (Tamura et al. 2013) . Phylogenetic inferences of the individual gene regions and the combined dataset were based on maximum likelihood (ML) and were performed on the CIPRES Science Gateway portal (Miller et al. 2012 ) using RAxML v. 8.2.10 (Stamatakis, 2014 . The default parameters were used, and bootstrap support (BS) was carried out using the rapid bootstrapping algorithm with the automatic halt option. A BS ≥ 70% was considered as statistically significant. Each partition was assessed for incongruence before being concatenated by checking individual phylogenies for conflicts between clades with significant ML support (Mason-Gamer and Kellogg 1996; Wiens 1998) . All novel DNA sequences generated in this study were deposited in GenBank and ENA databases (Table 1) , while the alignments and the resulting trees were accessioned in TreeBASE (http://www.treebase.org).
Morphological characterisation of novel species
Morphological features from the new species were determined on oatmeal agar (OA), potato carrot agar (PCA), 2% potato dextrose agar (PDA) and 2% malt extract agar (MEA) (recipes in Crous et al. 2019) . Cultures were incubated at ca. 24°C in the dark for 4 weeks. Macroscopic characters and diameters were measured after 14 days of incubation, and the colony colour (surface and reverse) rated after Rayner (1970) . Microscopic features were examined from slide cultures and preparations mounted in clear lactic acid from colonies sporulating on the media previously mentioned. Observations were performed with a Zeiss V20 Discovery (Zeiss, Oberkochen, Germany) stereo microscope and with a Zeiss Axio Imager 2 light microscope using differential interference contrast (DIC) optics. Photomicrographs and measurements were taken with a Nikon DS-Ri2 digital camera (Nikon, Tokyo, Japan) using the NIS-elements imaging software v. 4.3. The length and width of at least 30 randomly selected structures were measured, and the extreme values calculated. Morphological descriptions and taxonomic information for the new species were deposited in MycoBank (www. MycoBank.org; Crous et al. 2004) .
Results
A total of 293 soil samples were analysed, and nearly 3000 fungal isolates were obtained. Among them, 176 were identified as members of Plectosphaerellaceae according to the BLAST search results using the LSU and/or ITS sequences. The combined ITS and LSU dataset comprises 197 sequences including the ones generated in the present study from soil i s o l a t e s , t o g e t h e r w i t h r e f e r e n c e s e q u e n c e s o f Plectosphaerellaceae taxa download from GenBank, and the outgroup Monilochaetes infuscans CBS 379.77 and CBS 869.96 (Fig. 1) . The RAxML tree showed BS values higher than 95% for all the generic clades, except for Gibellulopsis and Brunneochlamydosporum that were not fully supported (Fig. 1) . The majority of the isolates were distributed among Plectosphaerella spp. (n = 61) and Gibellulopsis spp. (n = 60). They were followed by Chordomyces spp. (n = 22), A c r o s t a l a g m u s l u t e o a l b u s ( n = 1 5 ) a n d Brunneochlamydosporium spp. (n = 9). The remaining isolates were identified as Furcasterigmium furcatum (n = 4), Lectera nordwiniana (n = 3) and Phialoparvum spp. (n = 2) ( Table 1) . Since the species boundaries were not resolved with this analysis for Brunneochlamydosporium, Chordomyces, Gibellulopsis, Phialoparvum and Plectosphaerella, subsequent phylogenetic analyses were carried out (Figs. 2, 3, 4 and 5). The Brunneochlamydosporium dataset comprises ITS and TEF1-α sequences of 19 isolates including the outgroups (Fig. 2) . This combined analysis showed B. nepalense (n = 7 ) a s t h e m o s t c o m m o n s p e c i e s , f o l l o w e d b y B. macroclavatum (n = 1). The ITS phylogeny represented in Fig. 3 shows the species distribution from all the isolates belonging to Chordomyces, Lectera and Phialoparvum. In the Chordomyces clade (95% BS), most of the isolates (n = 17) were grouped with the type of C. albus CBS 987.87 (76%), while the remaining isolates (n = 5) were identified as C. antarticus. The three isolates of Lectera were confirmed as L. nordwiniana, but the two Phialoparvum isolates were genetically different from the type of Ph. bifurcatum CBS 299.70B, representing two putative new species, introduced in the 'Taxonomy' section.
The phylogenetic analysis shown in Fig. 4 encompasses the ITS sequences from 106 isolates belonging to Gibellulopsis (including the ex-type strains from the different Veterinary and Life Science University, Tokyo, Japan; T, ex-type; ET, ex-epitype; IT, ex-isotype; NT, ex-neotype; ENA, European Nucleotide Archive; LSU, large subunit of the nrDNA; ITS, internal transcribed spacer regions of the nrDNA and intervening 5.8S nrDNA; TEF1-α, translation elongation factor 1-alpha; RPB2, RNA polymerase II second largest subunit. Accession numbers of sequences generated in this study are in bold
Gibellulopsis species), and Furcasterigmium and Musidium as outgroups (Fig. 4) . According to this phylogeny, the majority of the soil isolates were identified as G. nigrescens (n = 50), followed by G. fusca (n = 5), G. serrae (formerly G. piscis) (n = 3) and G. simonii (n = 2). A preliminary phylogenetic analysis based on the ITS region was carried out for Plectosphaerella (data not shown). Species were distributed in Pl. plurivora (n = 37), Pl. cucumerina (n = 9) and Pl. pauciseptata (n = 1) (Table 1) . However, 14 isolates were distributed in two different lineages (with 1 and 13 isolates, respectively), phylogenetically distant from the other species. Subsequently, isolates of each clade were selected based in the similarity of their ITS regions for further combined analysis of ITS and TEF1-α sequences. This analysis included 55 soil isolates and 32 reference strains (Fig. 5) , and confirmed the identity of the isolates placed in the Pl. plurivora (77% BS) and Pl. cucumerina clades (88% BS). Furthermore, this analysis revealed that 13 isolates were nested in a highly supported clade (99% BS), phylogenetically distant from the remaining species in the genus, representing a potentially new species. Isolate JW 181001 was placed in a single branch related (71% BS) but different from Pl. alismatis, Pl. delsorboi, Pl. melonis and Pl. sinensis. The two new species are described in the 'Taxonomy' section below.
Taxonomy
Based on the molecular results and the morphological observations, four new species are described and illustrated here, i.e. Phialoparvum maaspleinense, Ph. rietveltiae, Plectosphaerella hanneae and Pl. verschoorii.
Phialoparvum maaspleinense Hern.-Restr. & Giraldo López, sp. nov. MycoBank MB 831346 (Fig. 6a, b, e-j) .
Etymology. Named after 'Maaspleinschool' from Utrecht, where the soil sample was collected by the students Ouail Zaim and Mohamed Bidari.
Mycelium consisting of branched, septate, smooth, hyaline and thick-walled hyphae, 1.5-2.5 μm wide. Conidiophores solitary, erect, arising directly from vegetative hyphae or ropes of hyphae, unbranched or poorly branched. Phialides lateral, terminal, subulate, hyaline, thick-and smooth-walled, 10-42 × 1.5-3 μm, with cylindrical collarette and conspicuous periclinal thickening at the conidiogenous locus; adelophialides commonly present, intercalary and terminal, up to 4 μm long; polyphialides with two conidiogenous loci are commonly present. Conidia arranged in slimy heads, cylindrical, sometimes with slightly truncate base, 1-celled, hyaline, thick-and smooth-walled, 3.5-5 × 2 μm. Sexual morph unknown.
Culture characteristics -After 14 days at ca. 24°C on PDA reaching 45-48 mm diam., flat, membranous, aerial mycelium sparse, dirty white, reverse uncoloured. On OA reaching 40-42 mm diam., flat, pulverulent, rosy buff, margin effuse, reverse buff to honey. On MEA reaching 37-38 mm diam., radially folded, velvety at centre, pulverulent toward the periphery, dirty white, margin entire, reverse uncoloured.
Typus. THE NETHERLANDS, Utrecht province, Utrecht, Maaspleinschool, from garden soil, 2017, coll. O. Zaim & M. Bidari, isol. A. Giraldo (holotype CBS H-23910, cultures ex-type CBS 145321 = JW 266001).
Notes: The monotypic genus Phialoparvum was recently proposed based on Ph. bifurcatum, recovered from soil in Belgium (Giraldo and Crous 2019) . Phialoparvum bifurcatum and the new species, Ph. maaspleinense can be morphologically distinguished based on phialide length (up to 15 μm in Ph. bifurcatum vs up to 42 μm in Ph. maaspleinense; Giraldo and Crous 2019) and the frequent production of intercalary and terminal adelophialides in the latter species (Fig. 6h, i) .
Phialoparvum rietveltiae Hern.-Restr. & Giraldo López, sp. nov. MycoBank MB 831347 (Fig. 6c, d, k-n) .
Etymology. Named after Emma Rietvelt, who collected the soil sample.
Mycelium consisting of branched, septate, hyaline and thick-walled hyphae, 1-2 μm wide. Conidiophores solitary, erect, arising directly from vegetative hyphae or ropes of hyphae, unbranched or poorly branched. Phialides lateral, terminal, subulate to ampulliform, hyaline, thick-and smoothwalled, 6-11(− 17) × 1-2.5 μm, with cylindrical collarette and conspicuous periclinal thickening at the conidiogenous locus, adelophialides sometimes present, up to 4 μm long; polyphialides with two conidiogenous loci are commonly present. Conidia arranged in slimy heads, cylindrical, with slightly pointed ends, 1-celled, hyaline, thick-and smoothwalled, 3.5-5 × 1.5-2 μm. Sexual morph unknown.
Culture characteristics -After 14 days at ca. 24°C on PDA reaching 30-33 mm diam., flat, membranous, aerial mycelium sparse or absent, dirty white, margin entire, reverse uncoloured. On OA reaching 28-30 mm diam., flat, pulverulent to velvety, dirty white to buff, margin rhizoid, reverse uncoloured. On MEA reaching 24-29 mm diam., umbonate, radially folded, membranous to felty, buff, entire margin, reverse uncoloured.
Typus. THE NETHERLANDS, Utrecht province, Utrecht, from garden soil, 2017, coll. E. Rietvelt, isol. A. Giraldo (holotype CBS H-23911, cultures ex-type CBS 145322 = JW 211005) .
Notes: Phialoparvum bifurcatum and Ph. rietveltiae are morphologically similar in phialide shape and length (8-15 μm in Ph. bifurcatum vs 6-17 μm in Ph. rietveltiae). However, the latter species has longer conidia (3.5-5 μm in Ph. rietveltiae vs 2.8-4.4 μm in Ph. bifurcatum) and does not produce melanin precipitations in culture (Giraldo and Crous 2019) .
Plectosphaerella hanneae Giraldo López & Hern.-Restr., sp. nov. MycoBank MB 831348 (Fig. 7a-d) .
Etymology. Named after Hanne de Levita, who collected the soil sample.
Mycelium consisting of branched, septate, smooth, hyaline and thin-walled hyphae, up to 2 μm wide. Conidiophores solitary, erect, unbranched, hyaline, smooth-walled, sometimes radiating out from sterile coils formed by the mycelium. Phialides lateral or terminal, subulate, hyaline, smooth-and thick-walled, occasionally borne on short cylindrical subtending cells, 16-32 × 2-4.5 μm, with conspicuous cylindrical collarette and periclinal thickening at the conidiogenous locus, sometimes with percurrent proliferation; adelophialides rarely present, up to 15 μm long. Conidia arranged in slimy heads, (0-)1-septate, cylindrical to ellipsoidal with pointed apex and slightly truncate base, inequilateral, with inner plane flat and outer plane convex, guttulate, hyaline, thin-and smooth-walled; septate conidia abundant, 9-12.5 × 2.5-3.5 μm; aseptate conidia scarce, 9-10.5 × 3-3.5 μm. Chlamydospores and sexual morph absent.
Culture characteristics -After 14 days at ca. 24°C on PDA reaching 76-77 mm diam., flat, membranous, dirty white Notes: According to phylogenetic inference from the ITS and TEF1-α loci (Fig. 5) , Pl. hanneae occupies a single branch in the clade containing Pl. alismatis, Pl. delsorboi, Pl. melonis and Pl. sinensis (71% BS). With the exception of Pl. delsorboi and Pl. hanneae, all the species in that clade produce hyaline chlamydospores in chains (Su et al. 2017) . Plectosphaerella delsorboi differs in having longer phialides (30-50 μm; Antignani et al. 2008 ) than those of Pl. hanneae (16-32 μm).
Plectosphaerella verschoorii Giraldo López & Hern.-Restr., sp. nov. MycoBank MB 831349 (Fig. 7e-i) .
Etymology. Named after Brent Verschoor, who collected the soil sample.
Mycelium consisting of branched, septate, smooth, hyaline and thin-walled hyphae, up to 2 μm wide. Conidiophores solitary, erect, unbranched or poorly branched, hyaline, smooth-walled. Phialides lateral or terminal, subcylindrical to subulate, hyaline, smooth-and thick-walled, 16-29 × 1.5-3 μm, with conspicuous cylindrical collarette and periclinal thickening at the conidiogenous locus; adelophialides, rarely present; ampulliform, up to 14 μm long. Conidia arranged in slimy head, (0-)1-septate, cylindrical to ellipsoidal with pointed apex and slightly truncate base, or broadly ellipsoidal, guttulate, hyaline, thin-and smooth-walled; septate conidia abundant, sometimes slightly constricted at the septum, 8-11.5 × 2-3 μm; aseptate conidia scarce, 3-8.5 × 2-3 μm. Chlamydospores and sexual morph absent.
Culture characteristics -After 14 days at ca. 24°C on PDA reaching 76-77 mm diam., flat, membranous, flesh at centre, pale luteous at periphery, aerial mycelium sparse, with concentric rings, dirty white, reverse uncoloured. On OA reaching 70-75 mm diam., flat, glabrous, honey, reverse uncoloured.
Typus 2-3 μm in Pl. verschoorii vs. 9-10.5 × 3-3.5 μm in Pl. hanneae, this study).
Discussion
Although there are no specific studies exploring the diversity of the plectosphaerellaceous species from soil, a survey about fungi from soda soils in Asia (Armenia, Kazakhstan, Mongolia and Russia) and Africa (Kenia and Tanzania) revealed several isolates representing four genera of Plectosphaerellaceae (Grum-Grzhimaylo et al. 2016) . That study showed Sodiomyces spp. and A. luteoalbus as obligate and facultative alkaliphilic fungi, respectively, while C. antarticus and V. zaregamsianum seemed to be alkalitolerant species. In our set of samples, we did not find Sodiomyces spp. nor V. zaregamsianum, probably due of the media used for primary isolation. However, in our study, A. luteoalbus and C. antarticus were represented by 13 and five isolates respectively (Figs. 1 and 3 and Table 1 ). Additionally, we obtained several isolates (n = 17) of C. albus, which was recently described from a lichen (Hypogymnia physodes) and human sputum , but also reported from soil in Belgium, France, Germany and the Netherlands (Giraldo and Crous 2019) .
In addition, we have identified several isolates from genera r e c e n t l y a d d e d t o P l e c t o s p h a e re l l a c e a e , i.e. Brunneochlamydosporium, Furcasterigmium, Lectera and Phialoparvum (Cannon et al. 2012; Giraldo and Crous 2019) . Brunneochlamydosporium was proposed to accommodate Acremonium nepalense, Gliocladium cibotii and the new s p e c i e s B . m a c r o c l a v a t u m a n d B . t e r r e s t r e . Brunneochlamydosporium nepalense and B. macroclavatum were represented in our study with seven and one isolate respectively. According to Prenafeta-Boldú et al. (2014) , the former species seems to be a common soil-borne fungus in the Netherlands, being present in Gelderland, North and South Holland and Utrecht provinces, while B. macroclavatum was isolated from a fern, and the flowering plant, Aphelandra sp. (Acanthaceae), but not from soil (Giraldo and Crous 2019) . Furcasterigmium furcatum was established based on Acremonium furcatum, and it was represented in our study with four isolates collected from North Brabant, South Holland and Utrecht provinces. Like B. nepalense, this species was recovered from soil in the Netherlands, but is also present in soils from France, Germany and Italy (Gams 1971; Giraldo and Crous 2019) .
Two soil samples of Friesland and Gederland provinces revealed three isolates of Lectera that turned out to represent the new species, L. nordwiniana (Crous et al. 2018) . Although most of the species in Lectera are plant pathogens, including L. colletotrichoides and L. capsici (Crous et al. 2017a) , the former species is commonly isolated from soil and plant litter (Cannon et al. 2012 ). Another species recently described from soil is L. humicola from Brazil (Giraldo and Crous 2019) .
In this study, Gibellulopsis and Plectosphaerella were the dominant genera, with G. nigrescens and Pl. plurivora as the most common species from each respective genus. In some studies of fungal biodiversity in soil, Gibellulopsis and Plectosphaerella are occasionally recovered (Hujslová et al. 2010; Duran et al. 2019; Wentzel et al. 2019 ). According to the data shown by Giraldo and Crous (2019) , Gibellulopsis spp. inhabit soils around the world, with G. nigrescens recovered from Israel, the Netherlands, New Zealand and the UK. Species of Plectosphaerella are more common on plants than in soil, except for Pl. plurivora, which is present in soils of different countries in Northern Europe (Belgium, the Netherlands and Germany), and Pl. humicola and Pl. oligotrophica from Democratic Republic of the Congo, Brazil and China, respectively Giraldo and Crous 2019) . In our study, a single isolate (JW 83023) was c, d, k-n Phialoparvum rietveltiae (ex-type CBS 145322 = JW 211005). c, d Colonies on PDA and MEA respectively, after 14 days at ca. 24°C. k Monophialides and conidia. l Polyphialides and conidia. m Adelophialide. n Conidia. Scale bars: g-i, m = 5 μm. e, f, j-l, n = 10 μm Verhulstia gen. nov.). These results support previous findings concluding that soil contains numerous undescribed fungal taxa (Hujslová et al. 2010; Tedersoo et al. 2014 Tedersoo et al. , 2017 Wentzel et al. 2019) and highlights the importance to continue with these kinds of studies in order to generate isolates that can be available in public databases and can be freely used by other researchers.
